ABSTRACT: Modern process control is based on the use of statistical methods to improve and ensure quality, and thus reduce the process cost due to waste and rejects. The paper deals with the process capability analysis in the manufacturing of poly(ethylene-terephthalate) bottles for packaging of table oil. PET bottles are manufactured by the procedure of injection stretch blow moulding. The preforms made by injection moulding are biaxially extruded in the blow mould, with blow parameters affecting the mechanical properties, the barrier properties and the transparency of the manufactured bottle. The performance of blow moulding machine was monitored by measuring the volumes of blown bottles. Based on the collected data, the capability analysis of the blow moulding process was conducted.
INTRODUCTION
Poly(ethylene terephtalate) (PET) is a packaging material that is commonly used to package various beverages, mineral water, oil and vinegar, beer and more recently wine as well. PET bottles are manufactured by the procedure of injection stretch blow moulding. The preforms made by injection moulding are biaxially extruded in the blow mould, with blow parameters affecting the mechanical properties, the barrier properties and the transparency of the manufactured bottle. The statistical process control (SPC) can be applied to many different processes. The goals of SPC are to improve and ensure quality, and thus, reduce the process cost due to waste as result of rejects. While the aim of traditional product inspection is to detect defects, the aim of SPC is to prevent them. The process is considered capable if the actual product variability is less than the specification width. If the product variability is larger than the specification width, the process is considered not capable.
[1] The experiment was carried out in an oil manufacturing factory, and the task was to determine the capability of the blow moulding procedure. The performance of the blow moulding machine was monitored during the period of four months by measuring the volumes of blown bottles. PET bottles can be filled with oil directly after blowing or after several days of storage in the silo. The productivity of the filling line is 11,000 bottles/h, and the productivity of the blow moulding machine is 6500 bottles/h. For this reason, all the bottles cannot be filled with oil directly after blowing, so a certain amount of bottles are stored in the silo.
Since an empty PET bottle reaches its final dimensions after 72 hours, i.e. it shrinks during this period, the filling line consists of bottles of various volumes, depending on the storage time.
TESTING MATERIAL AND EQUIPMENT
For the purposes of this work, the bottles that were used, were manufactured out of the preform of 26g mass, with PET properties presented in Table 1 . The blow moulding machine, of type SBO 6/10, of the Sidel company, Octeville sur Mer, France, was used. The temperature regulation of mould cavities was carried out by the Vulcatherm device, manufactured by Vulcanic, France. The temperature regulation medium is water which can be heated to a maximum temperature of 90ºC. The water cycle consists of the cycle with cold water for bottleneck and mould bottom cooling and a cycle with warm water for heating the mould body. For this type of product the temperature of the cold water is 10 to 12ºC, and of warm water about 50ºC.
Over a period of four months the work of a blow moulding machine was monitored during the production of bottles for oil from the preforms of 26g mass. The monitoring was based on: a) production of bottles by stretch moulding, filling of bottles by table oil, and weighing of the filled bottles (measuring volume); b) production of bottles by stretch blow moulding, storing of empty bottles >72h (resulting in shrinking, i.e. volume reduction), filling of bottles by table oil, and weighing of filled bottles (measuring volume). The weighing, i.e. measuring of bottles volume was done two to four times during a single shift. Table 2 shows the values of arithmetic means and standard deviations. It can be noted that the requested average value of 1000ml was filled in the case when the bottles are filled immediately after blowing; however, when the bottles that had been stored for at least 72 hours were filled, the arithmetic mean of the values of volumes is lower than the required value. Figures 1 and 2 show the data about the volume of table oil in the bottles, in the case when these were filled immediately after blowing and after the bottles had been stored for at least 72 hours (average bottle storage time was 96 h). 
